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Introduction
Calcium hydroxide paste is a root canal medicament that has been used in endodontics for many years. It exhibits antibacterial properties and has the ability to stimulate hard tissue repair within bone and cementum (Heithersay 1975 , Tronstad et al. 1981 . Ledermix Ò Paste (Haupt Pharma GmbH, Wolfratshausen, Germany) has been recommended for endodontic use owing to its anti-inflammatory effect (Ehrmann 1981) . Odontopaste Ò (Australian Dental Manufacturing, Kenmore Hills, Qld, Australia) has recently been released onto the dental market, similarly for its anti-inflammatory effect. The main difference between Odontopaste Ò and Ledermix Ò Paste is that clindamycin hydrochloride in Odontopaste Ò replaces demeclocycline hydrochloride in Ledermix Ò Paste. Clindamycin hydrochloride has an equivalent spectrum of antibacterial activity but exhibits minimal staining of teeth (Adamidou 2010) . Calcium hydroxide and the two steroid/antibiotic pastes serve different purposes, so in an effort to obtain the benefits of both, a 50 : 50 mix of calcium hydroxide and Ledermix Paste has been recommended (Abbott et al. 1989 , Taylor et al. 1989 ). This early research was Correspondence: Associate Professor Peter Parashos, Melbourne Dental School, University of Melbourne, 720 Swanston Street, Melbourne, Vic. 3010, Australia (e-mail: parashos@ unimelb.edu.au).
Re-use of this article is permitted in accordance with the Terms and Conditions set out at http://wileyonlinelibrary.com/ onlineopen#OnlineOpen_Terms doi:10.1111/j. 1365 -2591 .2011 .01940.x International Endodontic Journal, 44, 1162 -1169 , 2011 ª 2011 International Endodontic Journal based on the use of tritium-labelled triamcinolone acetonide and liquid scintillation counters to detect the beta decay of tritium, which correlates the counts with a concentration of the tritium-labelled component (Abbott et al. 1989) . However, the exact nature of the molecule labelled by the tritium is not known because there are a possible 31 positions for the tritium-labelled hydrogen on a molecule of triamcinolone acetonide, and previous research has not identified whether the scintillation counter was measuring the labelled steroid or a breakdown product. Triamcinolone acetonide is also polymorphic. British Pharmacopoeia (BP) and United States Pharmacopeia (USP) grades of triamcinolone acetonide conform to a particular type of the possible polymorphic forms, and the manufacturing process can control which polymorphic form is produced. Whether this remains the case with the tritiumlabelled triamcinolone acetonide is unknown. Previous studies have found varying degrees of breakdown of steroids at high pH (Dekker & Buijs 1980 , Hansen & Bundgaard 1980 , Ogata et al. 1998 , Spangler & Mularz 2001 , Conrow et al. 2002 , Teng et al. 2003 , Nygaard et al. 2004 , Görög 2010 , so it is conceivable that the tritium labelling may not be on an active molecule, but may be on a breakdown product. Therefore, this study was undertaken to investigate the effects of the addition of calcium hydroxide in the form of calcium hydroxide powder and in the form of Pulpdent Ò Paste (Pulpdent Corporation, Watertown, MA, USA) on the stability of the steroid component of two endodontic pastes, Odontopaste Ò (Australian Dental Manufacturing) and Ledermix Ò (Haupt Pharma GmbH).
Materials and methods
The two pastes along with the other products utilized in this research project are summarized in , equilibrium time was ten minutes, detector wavelength was 283 nm, the injection volume was 20 lL and the retention time was approximately 4.6 min. Standards were prepared by weighing 10 and 100 mg of triamcinolone acetonide (taking into account the potency of the steroid) into 100 mL of methanol. The flask was ultrasonicated until the triamcinolone acetonide had fully dissolved. The solution was then filtered through 0.45 lm filter paper into the HPLC vial. The samples were prepared by taking the well-mixed paste, which theoretically contained 10 and 100 mg of triamcinolone acetonide, and this was added to the solution as above and filtered with 0.45 lm filter paper into the HPLC vial.
Samples were run through in duplicate, and the calculations were made according to the following formula:
where PA = peak area. Linearity (i.e. the ability within a given range to obtain test results that are directly proportional to the concentration of the analyte in the sample being tested) was validated using five concentration standards of triamcinolone acetonide (Sigma-Aldrich) with a potency of 99.5%. These standards (Table 2) were analysed, and the resultant areas were used to prepare a calibration curve (Fig. 1 ) that was then used to determine the measured concentration of each of the five calibration standards.
Precision of the testing apparatus was considered at three levels, repeatability, intermediate precision and reproducibility. System precision for Odontopaste The AOAC (2009) considers that for samples containing 0.01% of the analyte, a repeatability of 4% is recommended. Repeatability is measured by the relative standard deviation (RSD), and as such, the RSD of 0.17% for Odontopaste Ò and 1% for Ledermix Ò Paste is considered acceptable. Specificity (to validate that the analyte alone was being tested, free from the effects of the matrix of other ingredients) was performed by analysing a placebo that is a sample containing all of the ingredients except the active, and the analysis of the placebo spiked with the analyte. Whilst the placebo could be considered as a negative control, in this type of analysis, it is utilized to determine peak purity rather than validating a method. A placebo was prepared by ADM of Odontopaste Ò and
tested. Approximately 1 g of the placebo mix was subsampled and extracted as per the method originally developed. An additional 1 g placebo was then subsampled, and a known amount of triamcinolone acetonide was added and then extracted according to the method. This formed the spiked sample. In addition, spiked samples were also tested for specificity. Interference from the placebo was not observed, and the spike recovery of 97.6% is within the limits of 85-110% as recommended by the AOAC (2009). As such, the specificity of the method was considered acceptable. For Ledermix Ò Paste, it was decided to not produce a placebo as there may have been questions raised concerning the accuracy of the placebo's formulation. Specifically, because the exact formula of Ledermix Ò samples spiked with different levels of the triamcinolone acetonide standard. Nine separate determinations were performed, incorporating three replicate spikes at three different concentration levels of 8 mg per 100 mL, 10 mg per 100 mL and 13 mg per 100 mL as described in the accuracy-spiking recovery data. Duplicate injections of each spike were carried out. A stock solution of triamcinolone acetonide standard was prepared (104.61 mg per 100 mL triamcinolone acetonide -potency 99.4%). Samples containing approximately 50 ppm active were spiked at 3 mg per 100 mL, 5 mg per 100 mL and 8 mg per 100 mL of triamcinolone acetonide standard and extracted. Each spiked level was performed in triplicate. The levels of spike were chosen so that the total concentrations of active in the spikes were within the linear range of this validation. The sample and spikes were analysed, and the recoveries were determined individually. The per cent recovery for the three levels of spikes meets the acceptance criteria for a 1.0% concentration solution of 92-105% for triamcinolone acetonide.
Testing of starting materials
All tests with the HPLC involved the testing of the standard with triplicate injections alongside the samples. Results were rejected from the test run if the differences between the standard's results were >3%. All test samples were tested in duplicate with each injected twice; therefore, four tests were performed for each investigation. If the results for the samples tested for each individual investigation differed by more than 3%, they were rejected. Throughout the testing, no rejections occurred.
Odontopaste Ò and Ledermix Ò pastes were tested for the initial concentration of triamcinolone acetonide. Pulpdent Ò was tested for the percentage of calcium hydroxide present. The calcium hydroxide raw powder was of BP grade and was tested for purity.
Testing of combinations
The following products were mixed in a 50 : 50 ratio by weight: For the time-point analyses, the ingredients were mixed in a closed container for 3 min. For a large volume of paste, there was a concern that the mixing would not result in a homogeneous paste particularly if clinical times of <30 s were used. Therefore, it was decided to mix for longer than what would be performed so clinically. Following the mixing, the samples were then subsampled from the closed container and placed through the HPLC to determine the amount of triamcinolone acetonide present at differing time-points. The time taken for the samples to be analysed was approximately 3 min. They were then tested for the presence of triamcinolone acetonide at 0, 6, 24 and 72 h.
The Because this work did not aim to compare the two products, only descriptive statistics were originally intended, but the appropriateness of statistical analysis was to be based on the raw data.
Results
The initial testing of the ingredients resulted in the concentrations of the key components as listed in Tables 3-5 . The time-point testing results for the percentage of triamcinolone acetonide when Odontopaste Ò and Ledermix Ò were mixed with calcium hydroxide powder BP grade are listed in Table 6 demonstrating rapid loss of the steroid. Similar results were obtained with Pulpdent Ò paste, although the initial and overall destruction of the steroid in Odontopaste was less (Table 7) . Rapid and extensive destruction by Pulpdent Ò Paste of the 1.4% triamcinolone acetonide occurred also in the custom-made pastes (Table 8 ). Increasing concentrations of calcium hydroxide demonstrated increasingly destructive effect of the steroid (Table 9) . Because the degree of destruction of the steroid component of both pastes was so similar, the need for statistical comparison was considered superfluous.
Discussion
The initial testing of all the components revealed that Pulpdent Ò Paste contained 19.2% calcium hydroxide.
This was markedly and unexplainably lower than the manufacturer's specification of 40%. However, it was decided to continue the testing with this lower amount as this may reflect the true clinical concentration of Percentage loss was calculated on 50% of premix percentages owing to dilution with the 50 : 50 mixing. e.g. )84% = (0.09%/ (1.14%/2)) ) 100%.
Calcium hydroxide effect on a steroid Athanassiadis et al. Journal, 44, 1162 Journal, 44, -1169 Journal, 44, , 2011 ª 2011 International Endodontic Journal calcium hydroxide paste when stored and used in a clinical environment. With less calcium hydroxide, the effects were expected to be milder than if the Pulpdent Ò Paste had calcium hydroxide present at 40%. All the other utilized products tested were as per the manufacturers' specification. The higher initial amount of triamcinolone acetonide in Odontopaste Ò in comparison with Ledermix Ò was owing to the use of 'overage' in its manufacture. It is not uncommon for manufacturers to compensate for loss of actives during the manufacturing process or to compensate for lack of purity of the active ingredients. This is referred to as 'overage' and is a percentage of the active ingredient above the labelled amount. Odontopaste Ò uses the same process of overage for its manufacture. Hence, the labelled amount on the packaging, in general, refers to the amount present at the time of expiry, and the product may contain higher amounts of the active ingredients at the time of initial manufacture to compensate for the loss of the same actives over time.
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As a result, the inactive ingredients, more commonly referred to as excipients, may vary from batch to batch depending on the overage adjustments required. results showed an increase in the amount of triamcinolone acetonide, and this can only be explained by the mixing not being homogeneous. These results were not discarded and are valuable in that they show the effect that mixing may have on the interaction of calcium hydroxide with triamcinolone acetonide. In clinical situations, the mixing is commonly performed within the canal because the consistency after mixing is such that attempting to place the mixture with a lentulospiral bur or paste-filler bur is very difficult and inefficient. In addition, the level at which the steroid, triamcinolone acetonide, is therapeutic within a root canal is unknown. Therefore, whether or not there is any loss of the therapeutic effect from the reduced levels of the steroid cannot be definitively determined. A recent study concluded that a level >1% triamcinolone acetonide was preferred or that stronger steroids such as dexamethasone or prednisone be utilized (Chen et al. 2008) . Therefore, any loss of steroid should be of concern.
It is clear that triamcinolone acetonide was actively broken down by calcium hydroxide. The tests with the custom pastes in Table 8 confirm that no other ingredients are responsible for the destruction of the triamcinolone acetonide other than the calcium hydroxide. Interestingly, the addition of triamcinolone acetonide to raw calcium hydroxide powder also resulted in the rapid destruction of the triamcinolone acetonide ( Table 9 ). The chemistry behind the reaction is not fully understood. It is unlikely that degradation occurs when the products are in powdered form. For the breakdown to occur, an aqueous solution is required. However, when calcium hydroxide is exposed Percentage loss was calculated on 50% of premix percentages owing to dilution with the 50 : 50 mixing. International Endodontic Journal, 44, 1162 -1169 , 2011 to carbon dioxide in the atmosphere, it converts to calcium carbonate with the concomitant production of water (Armstrong 2009 ). This water may provide a sufficient vehicle for the activity of the hydroxyl ions to destroy the steroid. However, the amount of water produced from this reaction is small, reducing the likeliness of this scenario. A more probable explanation may be the presence of an aqueous component from the extraction media used when injecting the test materials into the HPLC. The aqueous component may provide the environment required for the dissociation of the calcium hydroxide in the test sample and therefore the formation of the hydroxyl ions, which degrade the steroid in an oxidative reaction (Hansen & Bundgaard 1980) . This is a more plausible explanation and would reinforce the rapid rate of degradation of triamcinolone acetonide found in the presence of calcium hydroxide. 
